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Identification of the 1s2s2p 4P5Õ2\1s22s 2S1Õ2 magnetic quadrupole inner-shell satellite line
in the Ar 16¿ K-shell x-ray spectrum

P. Beiersdorfer,1 M. Bitter,2 D. Hey,1 and K. J. Reed1
1Department of Physics and Advanced Technology, Lawrence Livermore National Laboratory, Livermore, California 94551

2Princeton Plasma Physics Laboratory, Princeton, New Jersey 08543
~Received 19 December 2001; published 25 September 2002!

We have identified the dipole-forbidden 1s2s2p 4P5/2→1s22s 2S1/2 transition in lithiumlike Ar151 in high-
resolutionK-shell x-ray emission spectra recorded at the Livermore EBIT-II electron-beam ion trap and the
Princeton National Spherical Tokamak Experiment. Unlike other Ar151 satellite lines, which can be excited by
dielectronic recombination, the line is exclusively excited by electron-impact excitation. Its predicted radiative
rate is comparable to that of the well-known 1s2p 3P1→1s2 1S0 magnetic quadrupole transition in helium-
like Ar161. As a result, it can also only be observed in low-density plasma. We present calculations of the
electron-impact excitation cross sections of the innershell excited Ar151 satellite lines, including the magnetic
sublevels needed for calculating the linear line polarization. We compare these calculations to the relative
magnitudes of the observed 1s2s2p→1s22s transitions and find good agreement, confirming the identification
of the lithiumlike 1s2s2p 4P5/2→1s22s 2S1/2 magnetic quadrupole line.
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I. INTRODUCTION

The lithiumlike dielectronic and collisional innershell sa
ellite lines of the heliumlikeK-shell x-ray spectra have bee
studied extensively in laboratory and astrophysical spec
They provide information on the ionization equilibrium a
well as electron temperature and density of the amb
plasma. In the case of solar and astrophysical plasma
lines are often the only means for determining these pla
parameters.

The K-shell lithiumlike satellite lines have in commo
that they originate from levels with energy above the he
umlike continuum threshold and therefore form autoioniz
levels. The consequence is that their upper levels can
populated by dielectronic capture, i.e., by the inverse proc
of autoionization. Numerous calculations of dielectronic
combination from the 1s2 heliumlike ground state to level
of the type 1s2,2,8 have been carried out that predict th
strength of dielectronic recombination and thus the inten
of the lithiumlike satellite lines populated by this proce
@1–5#.

There are 16 possible 1s2,2,8 levels. These levels ca
decay by a total of 23K-shell x-ray transitions. All radiative
decays but one proceed via an electric dipole-allowed (E1)
transition. These 22E1 K-shell x-ray transitions were la
beled alphabeticallya throughv by Gabriel@6#.

The remaining transition is from the 1s2s2p 4P5/2 level
@7#. This level can decay to the 1s2s2 2S1/2, or the
1s22s 2S1/2 level. In either case, radiative decay from th
level must proceed via a magnetic quadrupole (M2) transi-
tion. Decay to the 1s2s2p 4P3/2 or 1s2s2p 4P1/2 levels is
also energetically possible. In these cases the radiative d
must proceed via a magnetic dipole (M1) or electric quad-
rupole (E2) transition.

The rates ofM2, M1, orE2 transitions are much smalle
than those ofE1 transitions. As a result, dielectronic recom
bination into the 1s2s2p 4P5/2 level, which is proportional
1050-2947/2002/66~3!/032504~7!/$20.00 66 0325
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to the radiative decay rate, is negligibly small compared
other lithiumlike K-shell satellite lines. It is, therefore, n
surprise that theK-shell x-ray satellite corresponding to th
1s2s2p 4P5/2→1s2s2 2S1/2 transition is typically absent in
tables of dielectronic satellite lines. In fact, Gabriel@6# did
not label this transition when he introduced the alphabet
notation of the lithiumlike satellite lines.

The 1s2s2p 4P5/2 level can also be excited by direc
electron-impact excitation from the 1s22s 2S1/2 lithiumlike
ground state. Nondipole excitation can be strong. In fa
collisionally pumped x-ray laser schemes, for example
neonlike systems, rely on large monopole and quadrup
excitation rates, and several electric quadrupole transiti
have by now been identified@8–10#. Moreover, the well-
known heliumlike transition 1s2p 3P2→1s2 1S0, labeledx
in the notation of Gabriel@6# is strongly excitated by electron
impact from the ground state. The line is clearly visible
the K-shell spectra of heliumlike ions and has been used
diagnostic purposes@11–16#. Recent systematic calculation
of the electron-impact excitation cross sections of vario
lithiumlike ions have omitted excitation to the 1s2s2p 4P5/2
level @17#. However, earlier predictions were made by Be
Dubau et al. for lithiumlike Fe231 that the electron-impac
excitation cross section of the 1s2s2p 4P5/2 level from the
lithiumlike ground state equals or exceeds that of other qu
tet levels as well as some of the doublet levels, in particu
those levels resulting in liness, t, u, andv @18#. In the fol-
lowing, we present calculations of electron-impact excitat
cross sections of the lithiumlike 1s2s2p levels in Ar151 that
confirm the trend set by the calculations for lithiumlik
Fe231 by Bely-Dubauet al. Lines s, t, u, and v have been
observed in various studies of lithiumlike ions excitated
electron-impact collisions@19#. An equal or larger electron
impact excitation cross section for the 1s2s2p 4P5/2 level
thus suggests that theM2 line may also be observable.

The question whether theM2 decay of the lithiumlike
1s2s2p 4P5/2 level can be detected also depends on
©2002 The American Physical Society04-1
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TABLE I. Comparison of measured and predicted wavelengths of the innershell-excited Ar151 satellite lines~in Å!. The numbers in
parentheses give the uncertainty in the last digits of the measured values.

Label Transition Wavelengtha Wavelengthb Wavelengthc Wavelengthd Wavelengthe Wavelengthf

s 1s2s2p 2P3/2→1s22s 2S1/2 3.9669 3.96738 3.9638 3.9680 3.96918
t 1s2s2p 2P1/2→1s22s 2S1/2 3.9677 3.96659 3.9650 3.9685 3.97000
q 1s2s2p 2P3/2→1s22s 2S1/2 3.98141~11! 3.9806 3.98370 3.9784 3.9827 3.98351
r 1s2s2p 2P1/2→1s22s 2S1/2 3.98353~11! 3.9827 3.98150 3.9806 3.9851 3.98568

M2 1s2s2p 4P5/2→1s22s 2S1/2 4.01211~15! 4.0114 4.01333 4.0123
u 1s2s2p 4P3/2→1s22s 2S1/2 4.01484~13! 4.0141 4.01607 4.0123 4.0165 4.01790
v 1s2s2p 4P1/2→1s22s 2S1/2 4.01593~14! 4.0152 4.01719 4.0139 4.0176 4.01902

aPresent measurement using EBIT-II.
bVainshtein and Safronova, Ref.@1#.
cChen, Craseman, and Mark, Ref.@2#.
dBhalla and Tunnel, Ref.@3#.
eChen, Ref.@4#.
fNilsen, Ref.@5#.
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competing rate for Auger emission. Auger decay is no
competing process to the magnetic quadrupole radiatio
neonlike and heliumlike ions. Auger decay of the 1s2,2,8
levels is typically very fast (>1012 s21 in Ar151). Auger
decay of the 1s2s2p 4P5/2 level is, however, just as forbid
den as radiative decay. Several studies have reported rate
the radiative or Auger decay of the 1s2s2p 4P5/2 level.
Bhalla and Tunnel calculated 1.633109 s21 for its Auger
decay rate in Ar151; they calculated 3.183108 s21 for its
K-shell radiative decay rate in Ar151 @3#. The 2p→2p and
2p→2s L-shell radiative rates are negligibly small becau
of the small energy differences of the levels involved. As
result, their branching ratio for x-ray decay is 16.7%. Ch
Craseman, and Mark calculated 1.373109 s21 for its Auger
decay rate and 3.163108 s21 for its K-shell radiative decay
rate Ar151. Their predicted x-ray branching ratio i
thus 18.7% @2#. Cheng, Lin, and Johnson calculate
1.463109 s21 for its Auger decay rate and 3.143108 s21

for its K-shell radiative decay rate Ar151, resulting in an
x-ray branching ratio of 17.7%@20#.

Beam-foil measurements of the lifetime of the4P5/2 level
have been carried out on heavy-ion accelerators@21,22#.
These have detected both Auger and radiative decay, an
wavelength of the 1s2s2p 4P5/2→1s22s 2S1/2 line in Ar151

was measured to be 4.012460.0009 Å@23–25#. Despite the
fact that the radiative branching ratio is a few times sma
than many of the other innershell excited lithiumlike satell
lines, theM2 x-ray line should also be observable in col
sional plasmas given its large collisional excitation rate.
fact, it may even be stronger than other lithiumlike lin
provided that innershell excitation is the dominant excitat
process and that the electron density is sufficiently low. N
ertheless, theM2 line has not yet been identified in th
K-shell spectra of heliumlike ions from collisional plasm
to the best of our knowledge, despite the intense and sys
atic experimental scrutiny that these spectra have receive
laboratory and astrophysical plasmas.

In the following we present measurements of theK-shell
x-ray spectrum of heliumlike and lithiumlike argon that we
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performed on the Livermore EBIT-II electron-beam ion tr
and the Princeton National Spherical Tokamak Experim
~NSTX!. The electron-beam ion trap was operated at
electron-beam energy where direct electron-impact exc
tion was the only line formation mechanism so that on
innershell excited satellites could be observed. The NS
spectrum was collected from rather cold tokamak plasmas
a low-electron temperature favors the excitation of the lit
umlike M2 line. In both spectra we were able to identify th
lithiumlike M2 line. The line is comparable in intensity t
that of the neighboring quartet linesu andv. A comparison
of the relative intensity of theM2 line with calculated
electron-impact excitation cross sections shows good ag
ment, and firmly establishes the identity of the lithiumlik
1s2s2p 4P5/2→1s22s 2S1/2 line.

II. THEORY

Systematic calculations of the atomic parameters of d
bly excited lithiumlike levels along the isoelectronic s
quence have been presented by a multitude of authors.
dictions of the wavelength of the 1s2s2p→1s22s
innershell-excited collisional satellite lines from some
these calculations are given in Table I. The calculations di
in the predicted wavelengths of the lithiumlike collision
satellite lines within about 5 mÅ. This means that the ide
tification of theM2 line by wavelength alone is, in principle
uncertain given that it is within 5 mÅ of neighboring linesu
and v as well as the collisional satellite transitio
1s2s22p 1P1→1s22s2 1S0 in berylliumlike Ar141, com-
monly labeledb. However, the calculations are consistent
predicting that theM2 line has a wavelength that is a fe
mÅ shorter than either lineu or line v. Hence, the calcula-
tions help in the identification of theM2 transition provided
lines u andv are identified.

To assess the relative intensities of the 1s2s2p→1s22s
collisional satellite lines, we performed distorted-wave c
4-2
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culations of the electron-impact excitation cross sections
ing the relativistic computer code developed by Zha
Sampson, and Clark@26#. The results are shown in Fig. 1
The calculations show that the cross section for excitation
theM2 line ties with that of liner for second place at thresh
old. It reaches fully one third of the cross section for lineq.
Line q has been observed in allK-shell spectra with the
proper ionization balance. Unlike the cross section for ex
tation of line q and that of the other lines emanating fro
doublet-P levels, the cross section of theM2 line falls rap-
idly with increasing electron energy because of the nondip
nature of the excitation. In doing so it follows the trend s
by the excitation cross sections of the other two quartet li
u andv. From the energy dependence of its cross section
clear that the intensity of theM2 line is strongest in colde
plasmas where the line emission is dominated by the exc
tion cross section at and just above threshold.

A summary of the predicted radiative and autoionizat
decay rates of the 1s2s2p 4P5/2→1s22s 2S1/2 transition is
given in Table II. The radiative rate is only two orders
magnitude larger than that associated with the well-kno
magnetic dipole linez in heliumlike Ar161. The heliumlike
magnetic dipole rate has been calculated and measured
about 53106 s21 @27,28#. By contrast, the magnetic quadru

FIG. 1. Electron-impact excitation cross sections for populat
the upper levels of the lithiumlike innershell satellite linesq, r, s, t,
u, v, and theM2 line.
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pole rate of linex has been calculated to be 3.163108 s21

@27#, which is essentially identical to that of the radiativ
decay rate of the 1s2s2p 4P5/2 level.

A summary of the predicted radiative branching rati
(K-shell fluorescent yield!, b r , of the 1s2s2p 4P5/2
→1s22s 2S1/2 transition is given in Table III. The averag
predicted radiative branching ratio is about 17%.

The predicted radiative branching ratios associated w
the other innershell-excited lithiumlike satellite lines are a
shown in Table III. The values exhibit a wide range. F
example, for satellites b r ranges from 0.05 to 0.21; forr the
range is 0.78–0.91, and foru it is 0.61–0.99.

The radiative branching ratios are needed in conjunct
with the calculated electron-impact excitation rates for p
dicting the intensity of the various collisional satellite line
The spread inb r carries over to the intensity predictions an
adds uncertainties to these predictions. In Fig. 2 we show
effective cross section for x-ray production, i.e.,b rs, for the
different lines. Here,s is the cross section shown in Fig. 1
For b r we used the average of the last four of the five c
culations listed in Table III. We did not include the value
calculated by Vainshtein and Safronova@1# in the average,
because their values differed the most from the average

The curves in Fig. 2 provide a direct measure of the
tensity of each collisional satellite line. Because the radiat
branching ratio of theM2 line is a few times less than that o
most other collisional satellite lines, the lithiumlikeM2 line
is predicted to be only the fifth strongest line near thresh
for electron-impact excitation, and it is predicted to be t
smallest of the three quartet transitions.

g

TABLE II. Calculated radiative decay ratesAr and Auger decay
ratesAa of the 1s2s2p 4P5/2→1s22s 2S1/2 transition.

Ar Aa References
(s21) (s21)

3.16@8# 1.37@9# @2#

3.18@8# 1.63@9# @3#

3.14@8# 1.46@9# @20#
TABLE III. Calculated radiative branching ratios of the innershell-excited 1s2s2p→1s22s Ar151

satellite lines.

Label b r
a b r

b b r
c b r

d b r
e

s 0.206 0.052 0.050 0.067 0.048
t 0.369 0.174 0.175 0.195 0.180
q 0.950 0.973 0.975 0.942 0.963
r 0.798 0.841 0.864 0.784 0.901

M2 0.187 0.163
u 0.614 0.974 0.843 0.988 0.871
v 0.711 0.944 0.853 0.911 0.992

aVainshtein and Safronova, Ref.@1#.
bChen, Craseman, and Mark, Ref.@2#.
cBhalla and Tunnel, Ref.@3#.
dChen, Ref.@4#.
eNilsen, Ref.@5#.
4-3
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Lines excited in an electron-beam ion trap are gener
linearly polarized because of the directionality introduced
the excitation process by the electron beam@29#. The amount
of polarization can be calculated from the values of the m
netic sublevel cross sections@30#. These cross sections a
provided by our distorted-wave calculation using the co
puter code by Zhang, Sampson, and Clark@26#. The resulting
values of linear polarization of each of the seven collisio
satellite lines are shown as a function of electron collis
energy in Fig. 3. The calculations show that linesq ands are
strongly positively polarized near threshold, while lineu and
theM2 line are strongly negatively polarized. The remaini
lines are unpolarized. The reason for the strictly vanish
polarization is that they emanate from upper levels with to
angular momentumJ51/2 and therefore cannot be linear
polarized.

III. MEASUREMENTS

The measurements were carried out both on the EBI
electron-beam ion trap and the NSTX tokamak. EBIT-II
the second electron-beam ion trap constructed. It was
into operation at the Lawrence Livermore national laborat
in 1990. NSTX at the Princeton Plasma Physics Laborat
represents a novel design for testing plasma operation
low-aspect ratio machine. Both devices operate at low e

FIG. 2. Effective electron-impact excitation cross sections
producing x-ray emission from the lithiumlike innershell satell
lines q, r, s, t, u, v, and theM2 line. The calculations utilize the
cross sections from Fig. 1 and the average branching ratio of
last four entries in Table III, as described in the text.

FIG. 3. Calculated values of the linear polarization of the lit
umlike innershell satellite linesq, r, s, t, u, v, and theM2 line.
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tron density, <331013 cm23 in NSTX and <531012

cm23 in EBIT-II.

A. Electron-beam ion trap measurements

The EBIT-II measurements utilized a high-resolutio
crystal spectromer in the von Ha´mos geometry@31,32#. The
spectrometer employed a quartz (1120̄) crystal bent to a
radius of curvature of 75 cm and a multiwire proportion
counter. The lattice spacing of the crystal was 2d
54.912 Å. The Bragg angle was 54°. The quartz crys
provided high-intrinsic resolution not afforded by other cry
tals such as LiF. Moreover, its crystalline structure is close
that of a perfect crystal so that corrections for polarizatio
dependent reflectivities are readily made.

Spectra recorded on EBIT-II are shown in Figs. 4 and
The measurement in Fig. 4 was made by setting the en
of the electron beam to a value about 200 eV above thres
for electron-impact excitation. At this energy electron-impa
excitation is the dominant excitation process of the lines. T
spectrum shows the heliumlike linesx and z as well as the

r

e

FIG. 4. K-shell emission spectrum of argon obtained with t
high-resolution von Ha´mos crystal spectrometer on EBIT-II show
ing the Ar161 linesx, y, andz, the Ar151 linesq, r, u, v, and theM2
line, and the Ar141 line b. The spectrum was obtained at a consta
electron-beam energy 200 eV above threshold for electron-im
excitation.

FIG. 5. K-shell emission spectrum of argon obtained with t
high-resolution von Ha´mos crystal spectrometer on EBIT-II show
ing the Ar161 linesx, y, andz, the Ar151 linesq, r, u, v, and theM2
line, and the Ar141 line b. The spectrum was obtained by sweepi
the electron-beam energy from threshold to 300 eV above thres
for electron-imapct excitation. The spectrum is displayed on a lo
rithmic scale to enhance the weaker lines.
4-4
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intercombination line y corresponding to the transitio
1s2p 1P1→1s2 1S0. It also shows the berylliumlike lineb
and the lithiumlike innershell linesq, r, u, andv as well as
the M2 line. The latter is the smallest feature in the sp
trum. By contrast, liness and t cannot be discerned. Thes
lines are located close to liney and are predicted to be eve
weaker than theM2 line ~cf. Fig. 2!.

The same set of lines can be seen in the spectrum in
5, which was recorded by sweeping the electron-beam
ergy from threshold to 300 eV above threshold. TheM2 line
is again the weakest line in the spectrum, although it
clearly visible and fully resolved.

We used the two data sets to determine the wavelengt
the lithiumlike innershell satellite lines. The results a
shown in Table I. The wavelength scale of the EBIT-II me
surements was established by setting the wavelength
lines x andz to those calculated by Drake@33#, which have
been shown to be accurate@34#. This procedure combined
with nonlinearities in the position-sensitive proportion
counter introduces a systematic uncertainty of 0.1 mÅ in
wavelength measurements. This error combines with the
tistical errors in our line fitting procedures to produce t
uncertainties listed in Table I.

Our measured wavelength of the 1s2s2p 4P5/2
→1s22s 2S1/2 line of 4.012 1160.000 15 Å agrees within
uncertainty limits with the value of 4.012460.0009 Å mea-
sured in beam-foil experiments@24#. Our result is, however
much more accurate.

Comparing our measured wavelengths to those listed
Table I we find that the wavelengths calculated by Vainsht
and Safronova@1# best reproduce the measured valu
Those by Nilsen@5# differ the most from the measured va
ues.

The intensity of theM2 line in the EBIT-II measurement
was suppressed by the fact that the line is negatively po
ized. The spectrometer recorded the x-ray emission in
plane perpendicular to the electron beam. In this arran
ment, the intensity of negatively polarized lines is suppres
by a factor of 3/(32P), whereP is the line’s polarization.
Moreover, the crystal reflects negatively polarized radiat
with less efficiency than positively polarized radiation,
described in@29,30#. On the other hand, lineq, which is
positively polarized, is enhanced. The polarization effe
combine to suppress the ratio of theM2 intensity to that ofq
by a factor of 1.97.

In Fig. 6 we show the predicted relative intensities of t
lithiumlike collisional satellite lines relative to that of lineq
as a function of the electron-impact excitation energy. Th
calculations are based on the data presented in Fig. 2.
comparison we also show the ratios measured on EBIT
These values are weighted averages of the two measurem
shown in Figs. 4 and 5 and are adjusted for polarizat
effects.

The comparison between the measured intensities u
EBIT-II and the predictions is good. The small differenc
are well within the uncertainties of the theoretical data. T
gether with the match in the experimental and theoret
wavelengths, the good agreement in the relative intensitie
the M2 line provides positive identification of theM2 line.
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B. Tokamak measurements

Like the EBIT-II measurements, the NSTX measureme
utilized a quartz (112̄0) crystal. The crystal was sphericall
bent to a radius of 3.75 m and employed in a Johann-t
geometry@35#. A multiwire position-sensitive proportiona
counter was used to detect the reflected x rays.

The measurements were carried out during the oh
heating phase. The central NSTX electron density was ab
331013 cm23; the central electron temperature reach
about 0.7 keV. This temperature was sufficiently low so t
a large fraction of the argon was in the lithiumlike char
state. Moreover, the temperature is sufficiently low so t
collisional excitation is dominated by electrons with ener
near the excitation threshold.

A spectrum from NSTX showing the Ar151 lines is shown
in Fig. 7. The spectrum shows the same lines as the EBI
spectra in Figs. 4 and 5 as well as three additional lines.
additional lines are the Ar151 satellite linesa, j, and k,
whereby linej blends with linez and greatly enhances it
intensity. These lines are excited only by dielectronic reco
bination at a distinct resonance energy several hundred

FIG. 6. Comparison of the predicted and measured relative
tensities of the lithiumlike collisional satellite lines. The intensiti
are normalized to that of lineq. The solid circle denotes the mea
sured value for liner, the open square lineu, the open circle linev,
and the solid square theM2 line.

FIG. 7. K-shell emission spectrum of argon obtained with t
high-resolution von Johann crystal spectrometer on NSTX show
the Ar161 lines x, y, andz, the Ar151 lines q, r, u, v, and theM2
line, as well as the pure dielectronic satellite linesa, j, andk, and
the Ar141 line b. The spectrum was obtained at a plasma tempe
ture of about 700 eV.
4-5
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P. BEIERSDORFER, M. BITTER, D. HEY, AND K. J. REED PHYSICAL REVIEW A66, 032504 ~2002!
below threshold for direct electron-impact excitation of t
collisional satellite lines. The lines were absent in t
EBIT-II spectra where the electron-beam energy was
away from the relevant dielectronic resonance energies.

The dielectronic satellite linesa, j, andk have been seen
in a variety of tokamak measurements@16,36,37#, as dielec-
tronic recombination is one of the dominant line excitati
mechanisms in tokamak plasmas. Dielectronic recomb
tion also plays a role in exciting some of the other Ar151

satellite lines, especially liner. In addition, the spectrum
contains weak, unresolved dielectronic satellite lines t
blend with the various features, includingq andy.

Unlike the EBIT-II spectra, the NSTX line intensities a
unaffected by polarization effects because electron collisi
are isotropic in an ohmically heated tokamak. As a result,
intensity of theM2 line does not suffer the decrease it exp
rienced in the EBIT-II measurements. It is clearly seen
tween the berylliumlike resonance lineb and the blend of
satellitesu andv. The latter were situated near the edge
the wavelength range spanned by the spectrometer. No
ther x-ray flux is, therefore, observed on the long-wavelen
side of those two quartet lines.

IV. CONCLUSIONS

Using high-resolution spectroscopy of low-temperatu
tokamak plasmas and the capabilities to select excitation
cesses with the electron-beam ion trap device we have i
tified the 1s2s2p 4P5/2→1s22s 2S1/2 dipole-forbidden col-
lisional satellite line. All other 1s2s2p→1s22s collisional
satellite lines had been earlier identified in theK-shell spec-
tra of highly charge heliumlike ions. The newly identifie
magnetic quadrupole line joins only two other dipol
forbidden lines that are known to exist in theK-shell spectra
of heliumlike ions, i.e., linesx andz.

Detailed calculations were presented that supported
identification of the line. Collisional excitation is the on
formation process of this line. Its electron-impact excitati
cross section drops off rapidly as a function of electron
ergy, while that of the lithiumlike resonance lineq increases.
This suggests using the ratio of the intensity of theM2 line
ta
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~and that ofu andv) to that of lineq as an electron tempera
ture diagnostic.

The line was also shown to be strongly negatively pol
ized when excited by an electron beam. This suggests th
will be easier to detect this line using an electron-beam
trap if the plane of dispersion were rotated by 90° from t
plane used in our measurements.

We measured its wavelength and noted that its intensit
comparable to that of the other quartet linesu and v. The
plasma observations show that the line is readily obser
under conditions where sufficient amounts of lithiumlik
ions are produced. In fact, the lithiumlikeM2 line was ob-
served on the NSTX tokamak to have the same intensity
the neighboring berylliumlike resonance lineb.

In many astrophysical and laboratory measurements
ratios of the heliumlike, lithiumlike, and berylliumlike reso
nance linesw, q, andb are used to determine the ionizatio
balance and thus to infer the plasma electron temperatur
transport parameters. We predict that theM2 satellite line
blends with lineb in the K-shell spectrum of Fe241. Given
that theM2 line can assume an intensity comparable to t
of b, such a blending would lead to the wrong inferred io
ization balance, and in turn a wrong inferred electron te
perature. This is a special concern in the study of astroph
cal plasmas where no independent, nonspectrosc
electron temperature diagnostic is available. Identification
this line and a detailed study of its effects in astrophysica
relevantK-shell spectra will be necessary.
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